Introduction Plasma has been the focus of testing different proteomic technologies for the identification of biomarkers due to its ready accessibility. However, it is not clear if direct proteomic analysis of plasma can be used to discover new marker proteins from tumors that are associated with tumor progression. In this paper, we reported that such proteins can be detected in plasma in a chemical-induced skin cancer model in mice. Materials and Methods We analyzed glycoproteins from both benign papillomas and malignant carcinomas from mice using our recently developed platform, solid-phase extraction of glycopeptides and mass spectrometry, and identified 463 unique N-linked glycosites from 318 unique glycoproteins. These include most known extracellular proteins that have been reported to play roles in skin cancer development such as thrombospondin, cathepsins, epidermal growth factor receptor, cell adhesion molecules, cadherins, integrins, tuberin, fibulin, and TGFβ receptor. We further investigated whether these tumor proteins could be detected in plasma from tumorbearing mice using isotope labeling and 2D liquid chromatography/matrix-assisted laser desorption/ionization tandem mass spectrometry.
Introduction
Despite the great increase in understanding of cancer at the molecular level, cancer remains as the second most common cause of death in the USA. Survival rates for many common cancer types have changed little over the past two decades [1] . If cancer is detected early, prior to metastatic spread, survival rates are vastly improved [1] . For this reason, improvements in the ability to detect cancer early may significantly reduce mortality from cancer. Plasma has been the focus for applying different proteomic technologies for the identification of biomarkers for early detection due to its ready accessibility. These developments include depletion of the most abundant plasma proteins [2] and extensive fractionation of proteins or peptides prior to mass spectrometric analysis [3] [4] [5] . However, proteins discovered by serum profiling are often well-known, highabundance, classical serum proteins [6] , not likely to be specifically derived from cancer tissue. Useful biomarkers for cancer detection in blood are those proteins released specifically from cancer tissues (overexpression of cancer proteins), indicators of a specific response of the host to cancer cells, or leaking of organ restricted proteins to blood due to structural changes in the microenvironment surrounding cancer cells (leaking of normal proteins such as PSA) [7] . Tumor proteins that are detectable in both benign and malignant tumors, as well as plasma can serve as candidate proteins for early detection of cancer. Detection of these proteins in plasma is critical to evaluate proteomic technologies for the biomarker discovery.
In an attempt to identify the proteins derived from cancerous tissue that are most likely to be present in blood, we employed our recently developed glycoproteomic analysis method using solid-phase extraction of N-linked glycopeptides (SPEG) [8] [9] [10] . The method has several advantages. First, most cell-surface and secreted proteins are glycosylated, and disease-associated glycoproteins (secreted by cells, shed from their surface, or otherwise released) are likely to enter the bloodstream and thus represent a rich source of potential disease markers [11] . Second, the reduction in complexity achieved by focusing on the glycoprotein subproteome in both tissues and plasma translates into favorable limits of detection, thus increasing the likelihood that the same polypeptide will be detectable in both tissue and serum [8, 12, 13] . Third, aberrant glycosylation is a fundamental characteristic of oncogenesis and tumor progression [14] , and this method allows us to identify proteins changed in glycosylation but not necessarily changed in total protein abundance. Finally, specific mass-spectrometry-based methods and affinity reagents can be developed for the specific and sensitive detection of identified tissue proteins in plasma [15] , selective isolation of specific proteins or peptides using affinity reagents [16] , or the recently developed targeted approach using multiple reaction monitoring (MRM) [17] [18] [19] .
The chemically induced two-stage mouse skin carcinogenesis model has been used for decades to study the genetic, molecular, and biologic basis of tumor development [20] . For example, the concepts of tumor initiation and promotion were derived from this model. In this model, the backs of 8-week-old mice treated with the carcinogen 7,12-dimethylben[a] anthracene (DMBA) followed by multiple treatments with the tumor promoter 12-o-tetradecanoylphorbol-13-acetate (TPA). Benign tumors (papillomas) develop after 8 weeks, and a small percentage of these progresses to malignant invasive carcinomas after a long latency [20] . The ability to quantify both benign and malignant tumor growth permits analysis of genes and environmental factors that affect tumor progression. More recently, the two-stage skin tumor model has been used to improve proteomic technologies for biomarker discovery using serum protein profiling [12] . We have identified several serum proteins for which the abundance is increased in correlation with the chemical induction of skin cancer in mice. However, these proteins are likely not markers for the specific diagnosis of skin cancer. A major advantage of this mouse skin carcinogenesis model is that plasma samples can be taken from mice before and after tumor development. As both benign and malignant tumors and plasma samples can be obtained from the same mice, this facilitates analysis of protein changes in plasma associated with tumor development.
In this paper, we report a two-step strategy for detection of tumor-associated proteins in plasma: the first step was to analyze extracellular proteins from normal skin, papillomas, and carcinomas and identify tumor-associated proteins; the second step was to detect the tumor-associated proteins in plasma using a tissue-targeted approach and isotope labeling [7] . Using our recently developed method of SPEG and mass spectrometry [8] [9] [10] , we analyzed matched benign and cancerous tumors from four tumor-bearing mice as well as normal skin tissues from four control mice, and identified 463 unique N-linked glycosites from 318 glycoproteins. More than 40 identified glycoproteins were elevated in carcinomas. Two of the tumor-associated proteins, Tenascin-C and Arylsulfatase B, were further detected and quantified in plasma from the same cancerbearing mice using isotope labeling and 2D liquid chromatography/matrix-assisted laser desorption/ionization tandem mass spectrometry (LC-MALDI-MS/MS). This result indicates that direct proteomic analysis of tumors and plasma using glycopeptide capture, isotopic labeling, and mass spectrometry can be used to discover new cancer-derived proteins in plasma.
Method and Materials

Materials
Hydrazide resin and sodium periodate were from Bio-Rad (Hercules, CA, USA); PNGase F was from New England Biolabs (Ipswich, MA, USA); sequencing grade trypsin was purchased from Promega (Madison, WI, USA); C18 columns were from Waters (Milford, MA, USA); α-cyano-4-hydroxycinnamic acid (CHCA) was from Agilent (Palo Alto, CA, USA); iTRAQ reagent and mass calibration standards were purchased from Applied Biosystems (Foster City, CA, USA). All other chemicals were purchased from Sigma-Aldrich (St. Louis, MO, USA).
Tissues and Plasma from Chemical-Induced Mouse Skin Tumors
Skin tumors were induced in four NIH01a mice using the DMBA/TPA two-step protocol. A single dose of DMBA (Sigma; 25 mg in 200 ml of acetone) was applied to the shaved backs of four 8-week-old mice. Initiated treated skin was promoted with TPA twice a week for 15 weeks. This gave rise to papillomas that were hyperplastic, well-differentiated, benign lesions consisting of keratinocytes together with stroma tissue. Papillomas appeared as early as 8 weeks after the first treatment of DMBA and continued to grow for the next several months. A small percentage of these benign papillomas (~20%) progressed to squamous cell carcinomas. All the mice were killed when carcinomas appeared in all four treated mice. Four littermate mice were left untreated for normal skin tissues. Papillomas and carcinomas, as well as normal skin from untreated mice were snap-frozen in liquid nitrogen. Retro-orbital bleeds were collected from each treated mouse before chemical treatment and after development of chemical-induced carcinomas. The only difference between the normal and cancer tissues is the chemical-induced cancer. Whole blood (0.25 ml) was collected from the retro-orbital sinus into a long (9 in.) sterile glass Pasteur pipet. The whole blood was placed in a K3EDTA-coated 1.5 ml microcentrifuge tube and centrifuged at 4°C for 5 min at 3,000 rpm. Plasma was collected, carefully avoiding cellular contamination. All tumor tissues and plasma were placed in cryovials and frozen in liquid nitrogen.
Peptide Extraction from Skin Tumor Tissues
Frozen tumor tissues (100 mg each) were sliced into 1-to 3-mm 3 thickness and incubated in 200 μl of 5 mM phosphate buffer and vortexed for 2-3 min. Then, the samples were sonicated for 5 min in an ice-water bath. Trifluoroethanol (TFE, 200μl) was added to the sample and incubated at 60°C for 2 h followed by sonication for 2 min. Protein disulfide bonds were reduced by 5 mM tributylphosphine with 30-min incubation at 60°C. Iodoacetamide (10 mM) was applied to the mixture and incubated in the dark at room temperature for another 30 min. The samples were diluted fivefold with 50 mM NH 4 HCO 3 (pH 7.8) to reduce the TFE concentration to 10% prior to the addition of trypsin at a ratio of 1:50 (w/w, enzyme/protein). Samples were digested at 37°C overnight with gentle shaking. The precipitate was discarded by centrifuge. Silver staining was used to test the effect of tryptic digestion. Four milligrams of total peptides from each sample was extracted from each tissue. Two milligrams of total peptide was used to extract N-linked glycopeptides, according to the following steps.
Peptide Extraction from Plasma
Plasma (20 μl) was added to 90 μl 8 M urea in 0.4 M NH 4 HCO 3 , 0.1% (w/v) sodium dodecyl sulfate (SDS) solution (pH 8.3) and 10 μl 120 mM tris(2-carboxyethyl) phosphine in dH 2 O freshly prepared and incubated at 60°C for 1 h. Proteins were alkylated by adding 10 μl 160 mM iodoacetamide and incubated at room temperature in the dark with shaking for another 30 min. Samples were diluted by trypsin digestion buffer (100 mM NH 4 HCO 3 , pH 8.3) to make the concentration of urea less than 2 M. Forty microliters of trypsin (0.5μg/μl) was added to digest protein at 37°C overnight. SDS-polyacrylamide gel electrophoresis (SDS-PAGE) and silver staining were employed to check whether trypsin digestion was complete.
Glycopeptide Capture from Tissue or Plasma N-glycopeptides were isolated from peptides using SPEG [9] . The enriched N-linked glycopeptides were concentrated by C18 columns and dried down and resuspended in 40 μl 0.4% acetic acid prior to MS analysis.
Isotope Labeling of Peptides
The amount of glycopeptide was determined by bicinchoninic acid assay (Bio-Rad) prior to isotope labeling. Glycopeptides (1 μg) from plasma of the retro-orbital bleeds before and after chemical-induced cancer and tumor tissues were dried and resuspended in 20 μl of 50% dimethylformamide, 40% H 2 O, 10% pyridine. Five microliters 10 mg/ml d0 13 C0, d4 13 C0, and d4 13 C4 succinic anhydride solution was added to glycopeptide samples and reacted at room temperature for 1-2 h, then followed by C18 clean up to remove access succinic anhydride [8] .
Mass Spectrometry Analysis
The peptides and proteins were identified using MS/MS analysis using an LTQ ion trap mass spectrometer (Thermo Finnigan, San Jose, CA, USA). Glycopeptides (1 μg) were injected into a peptide cartridge packed with C18 resin and then passed through a 10 cm×75 μm i.d. microcapillary high-performance liquid chromatography (μLC) column packed with C18 resin. The effluent from the μLC column entered an electrospray ionization source in which peptides were ionized and passed directly into the mass spectrometer. A linear gradient of acetonitrile from 5% to 32% over 100 min at flow rate of~300 nl/min was applied. During the LC-MS mode, data were acquired between m/z of 400 and 2,000. Each sample was analyzed three times to increase the number of spectra used for spectral count.
Succinic-anhydride-labeled peptide (5 μg) was analyzed by 2D Nano LC (Eksigent, Dublin, CA, USA) and MALDI-tandem time of flight (MALDI-TOF/TOF; Applied Biosystems). Briefly, online integration of 15-cm-long 300 μm strong cation exchange column (SCX) with 15-cm-long 300 μm of C18-reverse phase liquid chromatograph (RPLC) was employed. Four SCX fractions of 0, 5, 50, and 500 mM KCl and 3-45% linear acetonitrile gradient (containing 0.1% TFA and acetonitrile) of RPLC for each fraction were applied before analysis by MALDI-TOF/TOF. Peptides eluted from columns were directly mixed with α-Cyano-4-hydroxycinnamic acid and spotted on a MALDI target plate with 768 spots followed by analysis by MS and MS/MS using ABI4800 MALDI-TOF/TOF.
Data Analyses
Peptide identifications-MS/MS spectra from LTQ were searched with SEQUEST [21] against a mouse protein database (the International Protein Index mouse protein database, version 3.13). The precursor mass tolerance is set as 3.0 Da. Other parameters of database searching are modified as follows: oxidized methionines (add Met with 16 Da), a (PNGase F-catalyzed) conversion of Asn to Asp (add Asn with 1 Da), and Cys modification (add cysteine with 57 Da). The output files were evaluated by INTERACT and PeptideProphet [22, 23] . The criterion of PeptideProphet analysis is the probability score ≥0.9 so that low probability protein identifications can be filtered out.
Identifying tissue-derived peptides in plasma from MALDI-TOF/TOF (ABI 4800) was performed using GPS Explorer software (version 3.6). MS/MS spectra were searched against NCBInr database. GPS searches were carried out at a 0.2-Da precursor mass tolerance, a 0.6-Da fragment mass tolerance, trypsin as digestion enzyme. In addition to the modifications for Met, Asp, and Cys that were used in LTQ MS/MS spectra analyses as described above, N termini of peptides and Lys are modified by succinic anhydride (100 Da for d0 13 C0, 104 Da for d4 13 C0, and 108 Da for d4 13 C4).
Results and Discussion
Strategy of the Method
The objective of this study was to use N-linked glycopeptide isolation, isotopic labeling, and LC-MS to identify skin-cancer-related extracellular proteins and determine if these proteins could be detected in plasma from tumorbearing mice. This strategy is based on the fact that most extracellular proteins are glycoproteins, and extracellular proteins from cancer are most likely to be detected in plasma due to the fact that they are likely to be secreted by cells or shed from the cell surface to enter the blood stream. The strategy is schematically illustrated in Fig. 1 and consists of four steps: (1) peptide extraction from tissue or plasma; (2) glycopeptide extraction: peptides that contain N-linked carbohydrates in extracellular proteins were isolated in their de-glycosylated form using a recently described solid-phase capture-and-release method [9, 10] ; (3) identification and quantification analysis of glycopeptides isolated from normal skin, papillomas, and carcinomas: isolated peptides were analyzed by LC-MS/MS, and the peptides were identified and quantified using a database search [21] and spectral count; (4) detection of tissuederived proteins in plasma. Glycopeptides from plasma samples taken from mice before and after development of skin tumors and tumor tissues were labeled with d0 13 C0, d4 13 C0, and d4 13 C4 succinic anhydride, respectively. The peptides containing d4 13 C0 and d4 13 C4 pairs indicated the tumor-derived peptides detected in plasma from tumorbearing mice, and they were selected for MS/MS analysis for peptide identifications. To detect tumor-specific proteins in plasma, we first identified tumor-associated proteins from carcinomas and papillomas. These tumor-associated proteins are likely to be secreted or shed to the blood stream and fall into the detection range of current proteomic methodology.
To identify extracellular proteins from mouse skin tumors, four tissue samples each from normal skin, benign papillomas, and malignant carcinomas were collected to generate pooled normal, benign, and cancer tissues. Proteins were extracted from homogenized frozen tissues and digested to peptides. Glycopeptides were then captured using SPEG from each tissue. The N-linked glycopeptides were analyzed by LC-MS/MS by three repeated analyses for each sample. The MS/MS spectra were used to search protein databases using SEQUEST [21] . There were a total of 4,764 peptide identifications with PeptideProphet of at least 0.9 (with error rate of 0.007) from all the tissues. Ninety percent of these identifications (4,284 identifications) contained a consensus N-linked glycosylation motif (N-X-S/ T, X is any amino acid except proline). These identifications were from 463 unique glycosylation sites representing 318 unique glycoproteins (Table 1 ). This indicated that the procedure was specific to N-linked glycoproteins. Therefore, we limited our subsequent analysis solely to the identified peptide sequences that contained at least one such consensus motif in order to reduce false positive rates. Since tissues are vascularized and some proteins identified from tissues are from contamination by common circulating blood proteins [13, 24] , we next examined the glycoproteins identified from tissues to determine glycoproteins identified from tissues that were also identified from the normal mouse plasma [10, 25] , and 59 glycoproteins were previously identified from normal mouse plasma and were not included for further study of skin cancer tissues.
To identify skin tumor-specific proteins, we compared the glycoproteins identified from normal skin, benign, and malignant tumors. Despite the same amount of glycopeptides from each tissue analyzed with the same procedures, the number of unique glycosites identified from different tissues was different. A total of 405 glycosites were identified in cancer tissue, while 252 in benign tissue and 112 in normal skin, when using PeptideProphet score of ≥0.9. The number of glycoproteins identified from papillomas and carcinoma was higher than that of normal tissue. This could be caused by the increased expression of glycoproteins in tumor tissues. A similar observation was also reported from the proteomic analysis of tryptic peptides in a mouse breast cancer model [24] .
To determine the glycoprotein changes associated with cancer development, we calculated the relative protein abundance using the number of redundant MS/MS spectra from the same glycoprotein in different tissues [26] . To eliminate the spectral count due to random events, only proteins identified with at least three spectra were included for quantitation. A number of proteins identified in this study were only detected in tumor tissues (benign or malignant) but not in normal tissues (the ratio of such proteins was arbitrary assigned to 100, Table 2 ). Among the 111 proteins identified with spectral count ratio of at least three folds in cancer or benign tumor tissues comparing to normal tissues, 47 proteins (Table 2 ) were increased at least three folds in cancer tissues compared to benign tissues. Some of these have been reported to play roles in skin cancer development. These include known extracellular proteins such as thrombospondin, cathepsins, epidermal growth factor receptor, cell adhesion molecules, cadherins, integrins, tuberin, fibulin, and TGFβ receptor. Tenascin-C is an extracellular matrix glycoprotein and plays multiple functions in cell adhesion, migration, growth, and angiogenesis [27, 28] . Tenascin-C has many cell surface receptors, such as integrin and epidermal growth factor receptor, which may affect genome stability associated with interference with genome safeguard functions and escape from cell cycle checkpoints [28] . Tenascin-C has 20 potential N-linked glycosylation sites, but only one glycosylation site (LLQTAEHN#ISGAER, Table 1 ) has been identified previously (Swiss-Prot Protein knowledgebase, http://us.expasy. org/sprot). In this study, eight N-linked glycosites including the previously identified site were identified in carcinomas (Table 1) . They showed increased expression in carcinomas compared to papillomas (Table 2 ). This observation indicated that Tenascin-C might have increased its glycosylation or abundance during tumor development. In addition, 20 glycoproteins were identified in skin cancer only (Table 2) , and these proteins might be used as protein markers to discriminate between the malignant and benign tumors. An example is Arylsulfatase B. In this study, Arylsulfatase B was identified three times only in malignant tissues with two unique glycosylation sites. Arylsulfatase B is a lysosomal enzyme and can degrade proteoglycans in the extracellular matrix and basement membrane. In this way, proteoglycans can obstruct the spread of cancer cells. Therefore, Arylsulfatase B could play a key role in accelerating cancer cell migration [29] .
Here, we determined the relative abundance of glycosylated proteins using identified glycosylated peptides. However, glycosylation for individual glycosites from the same protein might be different and can be determined by quantitative analysis of each glycosite. In addition, changes in glycan structure that may be important to the disease cannot be determined by this method, and specific enrichment of glycopeptides with certain glycan structure is needed. Since the plasma proteome is dominated by several highly abundant proteins, proteins released from specific tissues would normally be present at low abundance in plasma, and their detection might be obscured by the highly abundant plasma proteins. To detect tumor-specific proteins in plasma, we used isotopic labeling to detect the isotopic peaks that consisted of the tissue-derived proteins from both plasma and tissues. The glycopeptides from four carcinomas were labeled with d4 13 C4-succinic anhydride. The glycopeptides from plasma of the four mice before and after cancer development were labeled with d0 13 C0 and d4 13 C0-succinic anhydride, respectively. To monitor the labeling efficiency, we spiked the same amount of standard peptide from angiotensin (0.1 μg) in the glycopeptides isolated from carcinomas and plasma samples as labeling control. Then, all the labeled peptides were combined for MS analysis. The mixture was separated by 2D Nano-LC then analyzed by MALDI-TOF/TOF. Free angiotensin (ms 1296.68) was not observed after labeling. Instead, 100, 104, and 108 Da shifted from 1296.68 were observed in equal amounts in the mixed samples. This indicates the efficient and quantitative isotopic labeling using succinic anhydride.
The mixed glycopeptides from carcinomas and plasma samples contained both skin-cancer-related peptides and peptides from plasma. In order to detect glycopeptides associated with skin cancer in plasma, we focused our analysis on glycopeptides previously identified as cancerassociated glycoproteins from skin tumors in the mixture (Table 2 ) and avoided the analysis of plasma proteins. To achieve this goal, the peptide peaks that contained masses from glycopeptides specifically identified from carcinomas and their isotopic pairs from plasma were selected for MS/ MS analysis.
Two types of paired patterns were observed. One was that the intensity of d4 13 C4-labeled peptides (with 8 mass unit shift for each amino group from peptides derived from cancer tissues) was much greater than d4 13 C0-labeled peptide (with 4 mass unit shift for each amino group from peptides derived from plasma of cancer-bearing mice), and intensity of d0 13 C0-labeled peptide (with 0 mass unit shift for each amino group from peptides derived from plasma before carcinogen induction) was lower than that of peptides from plasma of cancer-bearing mice. This pattern indicated that the peptide was from tumor-specific protein and detectable in cancer plasma at low intensity. The other pattern was that similar or lower intensity of peptides from cancer tissues than in plasma, and peptides with this pattern were derived from plasma proteins.
Tumor-associated glycopeptides could be detected in plasma. Tenascin-C was identified in carcinomas with 133 spectra, and it was also identified in benign papillomas with 29 spectra. However, none of these glycopeptides were identified in normal tissue (Table 2 ). In plasma, the labeled peptide peak of Tenascin-C from cancer was found with its paired peak from cancer plasma ( Fig. 2A) , which indicated that it was also detected in plasma after cancer development, but not in control plasma before the carcinogen treatment. Another skin tumor-specific glycoprotein, Arylsulfatase B, was also detected in plasma successfully in a similar way (Fig. 2b) . These data indicated that extracellular proteins associated with tumor development were identifiable in plasma from tumor-bearing mice using glycopeptide capture, isotopic labeling, and mass spectrometry.
One of the advantages of using this tissue-targeted approach is that tumor-associated proteins can be identified in plasma even if they are present in very low abundance. The peptides from cancer tissue are likely to be at higher abundance compared to the same peptides in plasma. This allowed us to determine their masses and peptide sequences in the mixture using isotopic peaks from tumors. Using this information, tumor-derived peptides in plasma can be identified, while they are not identifiable by data-dependent MS/MS acquisition and database searches. Both Tenascin-C and Arylsulfatase B are low abundant proteins. They were not identified in plasma before cancer development, and their detection in plasma was associated with cancer development.
Proteins from plasma can also be detected in tissues and plasma as isotopic pairs due to vascularization of the tissue. If a glycopeptide detected in both cancer tissues and plasma was derived from plasma, the peptide peak showed similar or lower intensity in cancer tissues than that in plasma. An example of this was the identification and quantification of glycoprotein, Ig gamma-3 chain C region, in tissue and plasma. However, its paired peptide peaks were found in a different pattern from that observed with Tenascin-C (Fig. 2c) . The intensities of d0 13 C0-and d4 13 C0-labeled peptides from plasma before and after tumor induction were much higher than that from d4 13 C4-labeled peptides from tumors. This indicated that this peptide was from a plasma-derived protein, and Ig gamma-3 could be detected from tissue due to the blood contamination in the tumor.
The methodology of targeted detection of tumor proteins using glycopeptide capture, isotopic labeling, and mass spectrometry is based on the analysis of N-linked glycopeptides to study extracellular proteins from tumors and plasma. It has been shown to increase the detectability of tumor proteins by focusing on the same subset of glycopeptides in both tumors and plasma [13] . The tumorassociated glycopeptides could be detected in plasma on account of the several advantages of our methodologies. First, the glycopeptide capture method dramatically reduces the sample complexity. Non-glycoproteins and non-glycopeptides from glycoproteins were removed from the pool of samples. For example, albumin, the most abundant serum protein, was automatically transparent to this method since it does not contain N-linked glycosylation. Second, the glycopeptide isolation method could be used to enrich extracellular proteins due to the fact that most extracellular proteins are glycosylated and likely to enter the bloodstream. Third, we used an isotopic labeling method to facilitate the detection of tumor proteins within complex plasma by identifying paired peptide peaks from tumor tissues and plasma. However, the method described here is only for proteins that contain N-linked glycosylation. For proteins that do not contain N-linked glycosylation, this method will miss the detection of those proteins. These results show that our strategy for detection of tumor-specific proteins in plasma is specific and sensitive for low abundant tumor-associated proteins. Different from the previous report of identification of prostate cancer-derived proteins in serum using xenograft-bearing mice [30], our study is more focused on tumor-associated extracellular proteins that are likely to be used in early detection.
Conclusions
In this study, we described a platform for quantitative detection of tumor-specific extracellular proteins derived from tumors and plasma. The fact that tumor-specific proteins were detectable in plasma from tumor-bearing mice indicates that cancer-specific markers could be detected in plasma using targeted approaches, and these proteins could be serum tumor marker candidates [7] . Once such candidate proteins are identified, the homologues of the proteins can be verified in human sera using the targeted approach. Enzyme-linked immunosorbent assays can be developed using a pair of antibodies. However, if antibodies against the candidate proteins are not available, mass-spectrometry-based methods can be applied to detect candidate proteins in plasma. One approach is referred to as MRM [17] [18] [19] . In another approach, called stable isotope standards and capture by anti-peptide antibodies, a specific peptide from sample and the synthetic heavy isotope-labeled peptide of the candidate protein are captured by peptide antibody. The mass spectrometer is then used to detect and quantify the specific peptide with known precursor mass and fragmentation ions [31] .
